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The majority of mammals have skin glands in particular regions of the body producing secretions important in social interaction. In small mammals the scent is usually produced by regions with enlarged sebaceous glands, such as the ventral gland of the gerbil (Mitchell, 1965; Glenn & Gray, 1965) , the caudal or flank glands of microtine rodents (Quay, 1968) and the preputial glands of rodents (Clevedon-Brown & Williams, 1972) . In larger mammals apocrine glands form an important component of the scentproducing regions. The chin glands of the rabbit are composed entirely of enlarged apocrine glands(Lyneetal., 1964), whereas the inguinal glandsof rabbits(Mykyt0wycz & Goodrich, 1974), the forehead, tarsal and interdigital glands of deer (Quay & MullerSchwarze, 1970) , and the anal glands of many species have both sebaceous and apocrine components. If, as seems likely, the basic function of apocrine glands is thermoregulatory sweating, it is not surprising that they should be absent from small mammals, in which cooling by evaporative sweating cannot be sustained. However, the presence of apocrine tubules as a component of the scent glands in the shrew (Dryden & Conaway, 1967 ) favours the view that scent production is the main function of apocrine glands.
The odoriferous secretions may be used for marking territory. They are often used for group or individual recognition, in which sex and social status are recognized and the scent may elicit aggression or act as a sex attractant. The olfactory cues may be varied by the production of secretions with different chemical compositions at different times. The odour of the secretions may also depend on bacterial decomposition after secretion, such as occurs in the production of carboxylic acids from the anal-gland secretions of the mongoose (Gorman er uf., 1974). It is generally agreed that the axillary apocrine sweat secretions of humans are similarly odourless until they are chemically changed by bacterial decomposition.
Steroid hormones affect the size and output of these specialized skin glands and may also affect the chemical composition of the secretions. In many mammals the specialized gland areas are larger in males than in females and fluctuate in size as the testes fluctuate in size over the breeding season, thus providing evidence that they are androgen-dependent. The modified sebaceous-gland components respond to androgens in a similar manner to the glands of the general body surface, although their response is usually more profound. Thus the preputial glands are present in males and increase in size at sexual maturity, whereas they are vestigial in females. The response of the preputial glands to androgens is so marked that it has been used as a bioassay for androgens. The preputial glands are one source of the aggression-promoting odour in urine (Mugford & Nowell, 1971 ) and injection of testosterone into female mice both increases the aggressive attacks elicited from males and enlarges the preputial glands. An area of enlarged sebaceous glands comprising the caudal gland of the field vole (Microtus ugresfis) (Clarke & Frearson, 1972 ) and the flank gland of the water vole (Arvicola terrestris) (Stoddart, 1972) are present only in males, enlarge during the breeding season and regress during the non-breeding season. These glands are decreased in size on castration and restored with testosterone. Clarke & Frearson (1 972) found that laboratory-bred voles maintained in constant conditions developed much larger caudal glands than did field animals and showed no seasonal variation. The large and constant size appeared to reflect the high and constant androgen concentrations of the laboratory stock. The specialized sebaceous gland pad of the gerbil (Mitchell, 1965; Glenn & Gray, 1965) , the flank gland of hamsters (Hamilton & Montagna, 1950 ) and the supracaudal gland of the guinea pig (Martan, 1962) similarly show a dose-related increase in size with testosterone.
Evidence that the specialized apocrine glands are also androgen-dependent has been obtained from the chin gland of wild rabbits, which is larger in males than in females, decreased in size in castrated animals and restored by treatment with testosterone (Mykytowycz & Goodrich, 1974) . The degree of development of these glands reflects the social status of the individual rabbits; the higher the social status the larger the glands.
When apocrine and sebaceous components are present together, both are affected by androgens. The forehead gland of the roebuck is such a region in which the sebaceous and apocrine components increase in size as the testes increase in size, reaching a maximum size in July-August and regress as the testes regress after the rut (M. Adams & E. Johnson, unpublished work). The shrew has apocrine glands in the head region, which produce a characteristically musk-like scent, and sebaceous glands along the flank producing secretions, which act as perfume carrier. Both the apocrine and sebaceous components are androgen-dependent ; they atrophy after castration and are restored with testosterone (Dryden & Conaway, 1967) . Both components are stimulated by progesterone and the apocrine musk glands are also stimulated by oestradiol. The sebaceous ventral gland of the gerbil is reported to be stimulated by progesterone and oestrogen (Glenn & Gray, 1965) . Progesterone also stimulates the preputial glands of rodents, which are modified sebaceous glands. The effect of progesterone on sebaceous glands of the general body surface is controversial. Ebling (1961) claims that progesterone has no effect, whereas Lorincz & Lancaster (1957) claim that progesterone stimulates sebaceous glands in the presence of a sebotropic factor from the pituitary.
There is, however, general agreement that oestrogens cause atrophy of unspecialized sebaceous glands.
Unfortunately there is very little evidence on the role of female sex steroids on specialized skin glands. For example, the lateral scent organs of Arvicolaare present and produce similar secretions in both males and females (Stoddart, 1972; Stoddart et al., 1975) . In the male the flank organ is androgen dependent, but the control in the female is unknown. Evidence is also lacking on the effect of adrenal steroids on specialized skin glands.
Many of the identified chemicals used as mammalian pheromones are macrocyclic compounds such as ketones or lactones (Kingston, 1964) . The active component of the scent of the tarsal gland of the black-tailed deer, which isused as arecognition pheromone, is an unsaturated plactone (Brown1ee etal., 1969) . The structurally similar musk-odoured sterols such as Sa-androst-16-en-3-one can be synthesized from progesterone (Katkov & Gower, 1968) , which raises the possibility of hormone metabolism and scent production being interrelated. This compound and related sterols are responsible for the boar odour, which is important in eliciting mating behaviour (Melrose ef al., 1971) .
When secretions from the caudal gland of Apodemus are separated by g.1.c. a different pattern of peaks is obtained from adult males than from juveniles or females. It is suggested that a particular male-identifying substance is produced at sexual maturity; females and juvenile males lacking these high-boiling-point compounds do not elicit aggression (Stoddart, 1973) . Analysis of the flank-organ secretion of Aruicolu has revealed a difference in pattern of peak heights at different times of the year; samples taken from a population at the start of the breeding season differed markedly from samples taken at the end of the breeding season (Stoddart et al., 1975) . Similarly, separation of roebuck forehead secretion on a gas chromatogram yields peaks at the time of the rut different from those produced earlier in the breeding season (M. Adams & E. Johnson, unpublished observations). The marking behaviour in captive roebucks was observed to increase in intensity towards the time of maximum androgen output, when rutting would occur in the wild. At this time a copious red secretion was produced by the forehead gland, which had a rancid type of odour detectable by humans (E. Johnson, unpublished observations).
The metabolism of steroids by the specialized skin glands might be important in the production of pheromonal compounds as well as in determining the differential sensitivity of such glands. The flank gland of the hamster (Takayasu & Adachi, 1972) and the ventral gland of the gerbil (Hodgins & Hay, 1973) have been shown to metabolize testosterone with the production of Sa-steroids indicating the presence of Sa-reductase. Comparing the metabolism of [3H]testosterone by the forehead gland of the roe buck with the metabolism in the dorsal skin over the period when the glands enlarge and subsequently decline (E. Johnson & J. Leask, unpublished work) shows that the major metabolite in both is A4-androstenedione with Sa-dihydrotestosterone, androsterone and 5a-androstanedione produced in smaller amounts. Very small amounts of androstanediols and epiandrosterone were also detected. Androstenedione appears to be a major product of testosterone metabolism in the skin of various species (Rampini et al., 1971) and is an active androgen-stimulating sebaceous secretion in rat skin (Ebling, 1974) . There are no marked differences in the proportions of the different metabolites produced by the forehead gland and dorsal skin of the roebucks. However, in the samples so far analysed there appears to be a more abrupt and more complete switch-off in the ability of the forehead gland to metabolize testosterone at the end of the breeding season. Thus the androgens available to the specialized forehead gland appear to be regulated not only by the circulating testosterone, but also by a decrease in the metabolizing capacity of the tissue.
